This article focuses on prevention of possible exposure to chemical agents, when opening, entering, and stripping freight containers. The container purging process is investigated using tracer gas measurements and numerical airflow simulations. Three different container ventilation conditions are studied, namely natural, mixed mode, and forced ventilation. The tests conducted allow purging time variations to be quantified in relation to various factors such as container size, degree of filling, or type of load. Natural ventilation performance characteristics prove to be highly variable, depending on environmental conditions. Use of a mechanically supplied or extracted airflow under mixed mode and forced ventilation conditions enables purging to be significantly accelerated. Under mixed mode ventilation, extracting air from the end of the container furthest from the door ensures quicker purging than supplying fresh air to this area. Under forced ventilation, purging rate is proportional to the applied ventilation flow. Moreover, purging rate depends mainly on the location at which air is introduced: the most favourable position being above the container loading level. Many of the results obtained during this study can be generalized to other cases of purging air in a confined space by general ventilation, e.g. the significance of air inlet positioning or the advantage of generating high air velocities to maximize stirring within the volume.
IN TROD UCTION
The atmosphere in some freight containers can be polluted (Baur et al., 2011; Preisser et al., 2011 Preisser et al., , 2012 Poschadel et al., 2012; Wagstaffe et al., 2012) by vapours emitted by transported goods or residues from fumigation conducted to protect goods from pests (toluene, phosphine, formaldehyde, etc). Dockers and customs officers, handlers at logistics platforms, or destination companies are potentially exposed to these chemical agents, when opening, entering, or stripping containers. This situation represents a case of working in a confined space.
The purpose of this article is to provide information on the design of ventilation systems to prevent exposure to these pollutants. In an earlier study, Svedberg and Johanson (2013) injected a tracer gas into containers prior to opening them. They showed that tracer concentrations measured during stripping were effectively representative of exposure to the real pollutant.
Ann. Occup. Hyg., 2015 , Vol. 59, No. 5, 641-654 doi:10.1093 Advance Access publication 30 January 2015 Two methods were used in this study investigating the container purging process, namely:
• Tracer gas-based measurement conducted at a port facility • Numerical flow simulations conducted using computational fluid dynamics software.
M ATER I A L S A ND M ETHODS
Containers studied Tests were conducted on the two most commonly used freight container sizes: length L = 12 m (40 feet) and = 6 m (20 feet). These containers were fitted with a 2-leaf door at the front face and were closed at the rear.
The 40-foot container had the following dimensions: length = 12 m, width = 2.4 m and height = 2.7 m. It was positioned perpendicular to a warehouse located 5.5 m from its front face. Its purging was studied for three degrees of filling:
• Full container: the load comprised three 2.4 m high obstacles occupying the full width of the container (Fig. 1) . The 1.85 m long rear obstacle rested against the rear wall. There were 0.3 m wide vertical gaps between the obstacles and a 0.65-m wide gap between the front obstacle and the door. The container degree of filling was 79.6%.
• Partially full container: the load comprised three groups of obstacles located in the same longitudinal positions and up to the same height as in the previous full container. Each group was composed of nine obstacles (Fig. 2) touching the side walls. Gaps between obstacles were 0.104-0.132 m wide. This arrangement modelled a load composed of objects held in frames or chassis. The container degree of filling was 61.7%.
• Empty container: this configuration represented the limiting case of a load composed of openwork objects offering low resistance to circulating air.
The 20-foot container had the following dimensions: length = 6 m, width = 2.4 m and height = 2.4 m. It was positioned in an enclosed area. Its purging was studied, for three degrees of filling: to the width and at 1.7 m from the front and rear walls (Fig. 1) . The degree of filling was 9.7%.
• Empty container.
A coordinate system with its origin at ground level and vertically in line of the centre of the rear wall was applied to the container. The x-axis extended longitudinally towards the container door, the y-axis extended horizontally across its width and the z-axis extended vertically upwards.
Ventilation conditions
The study involved three sets of ventilation conditions. Purging by natural ventilation was performed by simply opening the container door. Under mixed mode ventilation, opening of the door was combined with mechanical air blowing or extraction through an orifice created in the rear wall. Under forced ventilation, the door remained closed and all air introduction and extraction operations were performed through orifices in the walls.
Different orifice positions were tested:
• One 0.1 m diameter orifice drilled in the rear wall, 0.3 m below the ceiling (position coded R). In two specific simulations, the area of this orifice was multiplied by a factor of 5.1 • Two 0.1 m diameter symmetrical orifices used simultaneously and drilled in the two side walls, 0.6 m back from the door and 0.2 m above the floor (2SL coding) • Two 0.1 m diameter symmetrical orifices used simultaneously and drilled in the two side walls, 0.6 m back from the door and 0.2 m below the ceiling (2SH coding) • One 0.09 m diameter orifice drilled in the middle of the front face, 0.12 m below the ceiling (FH coding) • One 0.09 m diameter orifice drilled in the middle of the front face, 0.14 m above the floor (FL coding).
The first three orifice positions represent prototype configurations developed within the scope of this study. A proposed purging apparatus consisting of a foam rubber seal penetrated by two short nozzles can be simulated as a combination of the last two orifice positions.
Experimental methods Tracer tests were conducted using sulphur hexafluoride (low toxicity gas measurable at low concentration). Concentrations were measured using an Infraran SF6 Single Gas Analyser (Wilks Enterprise Inc., South Norwalk, CT, USA). The instrument sensory chamber volume is 0.45 l. The instrument flow rate is 10 l min −1
. The time for a sampling volume equal to seven times the instrument volume (3.15 l) is 18.9 s. Three measuring point positions were used, all located at a height of 1.5 m above the floor in the median longitudinal plane (Fig. 1 ):
• Point S 1 was located towards the front of the container, 0.5 m back from the door and therefore in front of the load • Point S 3 was located towards the back of the container at a distance from the rear wall of 1 m (6 m long container) or of 2 m (12 m container). This point was in the middle of the vertical gap between the rear and intermediate obstacles • Point S 2 was located towards the middle of the container at equal distance between points S 1 and S 3 . This point was in the vertical gap between the intermediate and front obstacles.
The experimental protocol included a period during which tracer was injected into the container, followed by a period during which internal concentration uniformity was awaited (plateau reached at point S 3 and monitoring at other points). At the test initial time, the door was opened and/or the fan was started and the tracer concentration variation with time was recorded at one point of the volume. The instrument sampled and recorded continuously. The concentration was monitored at a single point during each test. During the tests conducted outside, the wind velocity and direction were characterized using a weather station placed on the container roof, fitted with a cup anemometer measuring in the 1-80 m s −1 range. Ventilation flow rates were measured inline using a Pitot tube probe.
The site testing conditions for the natural ventilation conditions and for mixed mode or forced ventilation conditions are summarized in Tables 1 and 2 the orifice drilled through the rear wall and the forced ventilation tests involved this orifice combined with two side wall orifices, both either in a low position or in a high position. The initial tracer concentration measured at the start of purging varied between 3.2 and 9.5 ppm.
Numerical simulation methods Numerical flow simulations were performed using FLUENT computational fluid dynamics software (ANSYS, 2010) . This software program uses an iterative process to solve conservation equations (mass, momentum, tracer, etc.) by applying the finite volume method. The computation conditions applied corresponded to isothermal, transient and incompressible flows. Turbulence was simulated using the realizable k-epsilon model. Geometrical conditions were identical to those of the corresponding tests on site. Computations were based on the container of length 12 m under the following two conditions:
• Container empty under external natural ventilation • Container full or partially full under forced ventilation.
For natural ventilation simulations, the container and the adjacent warehouse were incorporated in a large parallelepiped-shaped computation domain oriented in the wind direction. A horizontal wind velocity condition was imposed in the upstream face of this domain with a module V(Z) varying as the following power function of the height above the ground (Parsons and Owen, 2005) :
In this equation, V m is the meteorological wind velocity measured at the top of a mast of height Z m , generally equal to 10 m. Exponent 'a' depends on the type of ground and was fixed as 0.14; this value corresponds to open ground with dispersed obstructions.
Under natural ventilation, the following initial conditions were applied:
• Inside the container: fluid at rest, uniform tracer concentration
• Outside the container: flow generated by preliminary steady-state simulation with container door closed and zero tracer concentration.
Transient flow simulation was started when the container door was opened and contact established between the interior and the surrounding atmosphere. Under forced ventilation, the computation domain was limited to the interior of the container. The air was initially at rest and charged with a uniform concentration. At the start of the simulation, velocities for the studied ventilation flow were established in the inlet and outlet orifices.
Tests were conducted to ensure independence of results with respect to the time step used for resolution. A 10 ms time step under natural ventilation and a 40 ms time step under forced ventilation were chosen. In both cases, the results remained the same as those provided by simulations performed with a time step four times shorter. Grids used were as dense as possible prior to divergences appearing during resolution due to excessively high Courant numbers. During each simulation, the time-related variation in concentration was recorded at several points in the container, in particular at points S 1 to S 3 previous defined for the site measurements. The variation in average concentration in the container volume was also recorded. Table 3 summarizes the simulation conditions under natural ventilation. The influencing parameters studied include wind strength, angle of incidence between wind direction and container longitudinal x-axis (for wind from behind the container) and adjacent warehouse presence or absence. Table 4 summarizes the simulation conditions under forced ventilation. The parameters studied include ventilation flow rate, inlet and outlet orifices location, rear orifice area, and degree of filling of the container volume. The 680 m 3 h −1 flow rate used in most of the simulations corresponds to an air renewal rate of 8.74 vol h −1 .
Experimental validation
Application of the simulation methods used in this study to ventilation of confined spaces was validated with respect to laboratory experimental data published by Garrison et al. (1989) . Measurements were taken on a confined space model comprising a cube
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with an edge length H = 609.6 mm; a volume in which there was initially a deficient oxygen concentration of 10%. At the start of the test, a fresh airflow was introduced into the cavity through a vertical ventilation duct penetrating the model ceiling (Fig. 3) and recovery of the oxygen concentration was monitored at four sampling points. Supplying fresh air ensures a 20 vol h −1 renewal rate and the end of the ventilation duct was located above the model floor at a height of 0.8H. Figure 4 compares time-related variations in the oxygen recovery rate between initial (c 0 ) and final atmospheric (c f ) levels at sampling points:
Agreement between measurements and simulation was totally satisfactory. For example, at sampling point 3, the difference between the measurements and the simulation was on average 0.06 and no greater than 0.08, when the oxygen recovery rate increased from 0 to 1. At some points, the computed oxygen recovery rate was slightly slower that the measured rate. Thus, at sampling point 4, after a 300-s time period, the measured oxygen recovery rate was 0.95, compared with 0.86 for the calculated rate. Coding of orifices: R = rear, SL = side low, SH = side high, FL = front low, FH = front high. Introduction Concentration lowering time t can be used to characterize ventilation performance. By convention, this time is defined in this article as the time interval after which the concentration no longer exceeds 1/10th of the initial concentration. Lowering time is helpful in comparing experimental or numerical configurations using relative values, but should not be used for estimating purging time for a real pollutant since it depends on both the initial internal concentration and the threshold limit value. Tables 1-4 provide concentration lowering times t 1 , t 2 , and t 3 at points S 1 to S 3 and t a for the average concentration recorded during the simulations.
Concentration time variation curves can be of various shapes depending on the testing conditions and the position inside the container. Concentration decrease can be regular, be subject to fairly high amplitude oscillations or may only start after a period of latency (e.g. in areas distant from air inlets). These different types of time variation can be observed in both measurements and simulations.
Natural ventilation

Container filling
Comparing (Table 1) site tests X40i and X40j, on the one hand, and tests X40k and X40m, on the other hand reveals that increasing the degree of filling of the 12 m long container increases markedly the concentration lowering time under natural ventilation: by a factor of around 8 (~300-2400 s). The same tendency 
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emerged for the 6-m long container (tests X20a to X20d, on the one hand, and tests X20e to X20f, on the other hand) although the sampling point position was not constant. This phenomenon is the natural result of the internal air circulation obstructions created by the container load.
Wind velocity
Outside natural purging rate is affected by environmental conditions and, as expected, an increase in wind velocity causes a decrease in concentration lowering times. Experimentally, this is the case when going from test X40h to test X40i (Table 1) . Numerically, meteorological wind velocity influence, for a constant incidence, is reflected in simulations C31-C70 (Table 3) . For example, the 3.1-7.0 m s −1 increase in this velocity reduces the average lowering time by a factor of 2.5: from 1313 to 522 s.
External back-up fan
Tests involving operation of an external back-up fan positioned in front of the open container door produced mixed results. For the container positioned in an enclosed area (Table 1 , test X20g to be compared with tests X20e and X20f), the back-up fan reduces significantly the lowering time: by a factor of ~2.7. However, pollutants are then dispersed in the enclosed area. For the container in outside conditions (test X40n to be compared with tests X40k and X40m), the combined action of the wind and the external back-up fan proves ineffective in increasing the purging rate, the influence of the fan possibly even counteracting the effects of the wind.
Wind direction
Simulations E44, C44, and D44 (Table 3) , conducted for a constant velocity wind coming from behind the container, allow the study of the influence of wind direction, which is characterized by the angle of incidence between the wind and the container longitudinal axis.
The purging rate increases significantly when this angle decreases, i.e. when the wind tends towards a direction parallel to the container and there is a warehouse in front of the container door. For example, a 67.5° to 22.5° decrease in angle reduces the average concentration lowering time from 1123 to 257 s: a reduction factor of 4.4. The container purging rate under natural ventilation therefore appears to be highly sensitive to wind direction with respect to the container. Wind direction proves more significant than wind strength within the scope of the configurations studied.
Variations in lowering times under the effect of changes in the wind direction may be linked to changes in the flow profiles in the vicinity of the container, especially near its open door. Figures 5-7 illustrate the overall flow conditions for the 45° angle of incidence. They show a number horizontal and vertical recirculation and wake zones downstream of the warehouse and the container, especially in front of the container front face. Purging results from the container internal air being put into movement by wind-generated flows present near the door opening. When the incidence changes into 22.5° (Fig. 8) , velocities in this area increase strongly; this effectively reinforces the container ventilation and reduces the lowering time.
Moreover, the impact of the wind on both the container and the warehouse leads to creation of an area of reduced velocity above the container roof (Fig. 5) . The air velocity measured in this area differs from the wind velocity upstream of the container. 
Warehouse in front of container
Simulation B44 was conducted with no warehouse in front of the container, but under the same wind conditions as in simulation C44. This change in the container environment modifies the flows in the vicinity of the container, but ultimately prompts fairly small 
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variations in lowering time (Table 3 ). This result is probably specific to the studied wind direction, but it reveals that the presence of a building forming an obstacle near a container to be inspected or stripped does not necessarily represent a hindrance to natural ventilation-based purging.
Purging progress inside container
Wind-generated movement of the air at the front of the container propagates into its internal volume as horizontal and vertical vortices of different shape and intensity, depending on the wind strength and direction. However, the container rear wall was closed, so these exchanges died out towards its far end. Thus, the purging process tended to decelerate towards the rear of the container, as shown in Table 3 : the concentration lowering time increased from point S 1 to point S 2 to point S 3 .
Unpolluted air penetration within the container depends on the intensity of the exchanges in the longitudinal direction. These exchanges can be quantified by considering the air velocities at different vertical, normal cross sections parallel to the opening plane, and hence orthogonal to the longitudinal x-axis between the end of the container (X = 0) furthest from the door and the door opening (X = L). Each normal cross section is divided into a zone, in which the velocity component along the x-axis is positive, and a second zone, in which this component is negative. Integration of this component over each of the two zones provides values of two airflows crossing the normal cross section: Q dir flowing towards the door opening, and Q inv flowing in the opposite direction. These two flows are equal in the case of a container closed at the rear end. Figure 9 illustrates the longitudinal profiles for horizontal scavenging flow Q dir computed for a 4.4 m s −1 constant wind velocity. This figure shows that the air exchanges in the longitudinal direction decreased significantly towards the rear of the container. It also confirms the strong influence of the wind angle of incidence on the purging process. High horizontal scavenging flows (e.g. in configuration D44) led to short lowering times shown in Table 3 .
Mixed mode ventilation
Onsite measurements based on mixed mode ventilation of a 12-m long full container (tests Y40p to Y40s in Table 2 ) indicate very significant improvement in purging performance compared with previous results for natural ventilation (tests X40k and X40m in Table 1) The lowering times measured in tests Y40p and Y40q appear to be roughly inversely proportional to the flow delivered by the fan. This allows lowering times in tests Y40p to Y40s to be scaled, for comparison purposes, to a 680 m 3 h −1 common flow. Measurements then show that, under mixed mode ventilation, extracting air through a rear orifice produces shorter lowering times (222 s compared with 394 s on average) than blowing air into the container through this orifice. This result may perhaps be explained by the fact that rear wall extraction strengthens the natural ventilation air inputs through the door opening while, conversely, rear wall blowing tends to force the wind back outside the container.
Forced ventilation
Ventilation flow
Onsite measurements under forced ventilation on the 12-m long container (series Z40t to Z40w in Table 2) revealed better purging performance compared to natural ventilation-based tests. However, the measured concentration lowering times did not approach the short times achieved under mixed mode ventilation. This difference was partly due to an increase in pressure losses caused by the air passing through small diameter side wall orifices (under forced ventilation) rather than through the whole door area (under mixed mode ventilation). The airflow could not be measured under forced ventilation, but the same fan as under mixed mode ventilation was used. This flow is undoubtedly lower than that implemented for the same configuration under mixed mode ventilation.
Simulation K136 was conducted under the same conditions as simulation K68, but with twice the ventilation flow (Table 4 ). The results reveal that the obtained lowering times are effectively halved with respect to the latter simulation. Under forced ventilation, purging rate is therefore proportional to the implemented flow.
Positioning of ventilation orifices
The concentration lowering times measured onsite (Table 2 ) with the rear wall orifice used as an air supply inlet (tests Z40t and Z40u) proved to be markedly shorter than those obtained with this orifice used as an extraction outlet (tests Z40v and Z40w). This difference persists, even after correcting the last two values using as a first approximation the flow ratio of 500/680 measured under mixed mode ventilation: 462 and 465 s, in the former case, compared with 607 and 957 s after correction, in the latter case. Use of the rear wall orifice as a supply inlet therefore enables the measured lowering times to be reduced by a factor of ~1.3-2.1. Table 4 reveals the same results for lowering times computed by simulation: the times for configurations G68 and H68 with the rear wall air inlet are less than those for configurations I68 and J68 with the rear wall outlet except for time t 1 , discussed below. Air input through the rear wall orifice reduces the computed average lowering times by a factor of 1.4-2.1.
This influence of air input/output function, fulfilled by the rear wall orifice, on purging rate can be related to the container internal flow characteristics, in particular the air velocities in the unobstructed upper volume between the top of the load and the container ceiling. The velocity fields in the horizontal plane at mid height in this volume are shown in Fig. 10 for three simulations. 
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When air enters the container through the rear wall orifice, the jet from this orifice penetrates directly into the upper volume and generates high velocities therein both in the central direct flow and in the return flow near the side walls. By contrast, air entry through two symmetrical side wall orifices located near the front face leads to formation of two opposing transverse jets, whose initial velocity is reduced by half. These two jets strike each other at the centre of the container, and then disperse radially, thereby losing part of their momentum. Transverse jet impact occurs in the upper volume with high-level side wall orifices ( J68), while with low-level side wall orifices (I68) the flow only reaches the upper volume after rising parallel to the front face and bending from vertical to horizontal.
As a result, air velocities in the upper volume decrease significantly from simulation G68 (or H68) to simulation J68 and to simulation I68. However, the study of the time variation curves for the concentration shows that the slowest decrease occurs inside the two vertical gaps between the rear and intermediate obstacles, on the one hand, and between the intermediate and front obstacles, on the other hand. These gaps are ventilated by air movement generated through contact with the adjacent flow established in the upper volume. Purging is therefore more efficient, when velocities are high in the upper unobstructed volume.
When air is introduced through the rear wall orifice, the height at which the side wall orifices are drilled has little influence on the purging rate. This result emerges from both the concentration lowering times measured at point S 3 , during tests Z40t and Z40u (Table 2) , and the times computed in simulations G68 and H68 (Table 4) . Slight influence of the drilling height arises only in the purging of the vertical zone between the container door and the front obstacle. Point S 1 is located in this zone, which is irrigated by the total ventilation flow, when air leaves through the low-level side wall orifices (simulation G68). In the case of simulation H68, which involves the high-level side wall orifices, this zone is only ventilated by a secondary flow and this slightly increases lowering time t 1 . Similar flow modifications would explain the difference between the times t 1 computed from simulations I68 and J68.
Simulation P56 involves two ventilation orifices located on the same container face (front) and models purging performed through an inserted foam rubber seal. The air velocity in these 0.09 m diameter orifices was set equal to the velocity in the rear wall orifice used in simulations G68 to J68. For comparison purposes, the lowering times computed from this simulation (Table 4) can be scaled to the 680 m 3 h −1 flow and then become 183, 197, 253, and 185 s for t 1 , t 2 , t 3 , and t a , respectively. For the type of load considered, the purging performance achieved with combination P of orifices both located in the front face is therefore as good as that computed for combination G of orifices located at both ends of the container.
The flows computed in simulation P56 in the unobstructed upper volume beneath the container ceiling are in the opposite direction to those in simulation G68, but are of similar structure. The jet penetrating from the inlet orifice scavenges the full length of the container up to the end wall, then produces a return flow near the side walls. It generates high velocities which initiate air movement to ventilate the vertical gaps between the obstacles comprising the load. Furthermore, reversal of the jet direction in the upper volume between simulations P56 and G68 inverts the order of lowering times t 2 and t 3 : the vertical gap above which the jet first passes being the best ventilated.
Air velocity in inlet orifice
The only difference between simulations K68 and H68 is the greater area of the rear wall inlet in simulation K68, which reduces the air velocity in this orifice by a factor of 5.1 for a constant ventilation flow. The results show that this reduction prompts a slight increase in lowering times, especially in the gaps between obstacles. However, the influence of rear inlet area on purging is ultimately fairly small since a variation by a factor of 5.1 alters the average lowering time by only 13%.
Container degree of filling
Simulation M68 was conducted under the same ventilation conditions as I68 but with a slightly lower degree of filling (61.7 vs 79.6%). Simulation M68 geometry incorporated a few horizontal and vertical unobstructed spaces within the load (Fig. 2) . Despite their small width, these additional spaces prompted a tangible increase in purging rate due to their creation of new air passages favouring more uniform distribution of fresh air in the container volume. This improvement in purging performance is particularly sensitive in the vertical gaps between obstacles. Concentration lowering times at points S 2 and S 3 are thereby divided by factors of 2.3 and 1.5. On the other hand, the vertical zone between the door and the front of the load is no longer scavenged by all the flow, as it was in simulation I68, and this causes an increase in lowering time t 1 .
CON CLUS ION
Tracer gas-based measurements at a port facility and numerical simulations were used in this study to examine the container purging process. Application of a simulation method was experimentally validated using data from the literature on ventilation of a confined space subject to oxygen deficiency. The tests conducted allowed quantification of purging time variations in relation to various factors such as container size, degree of filling, or type of load. Three container ventilation modes were analysed.
Natural ventilation operates by simply opening the container door and would seem to be the most commonly used method at present. Its performance characteristics prove to be highly variable and dependent on environmental conditions, especially wind velocity and direction. The purging rate decreases when moving towards the rear end of the container. There are risks of exposure to pollution, when opening the door. The pollutant propagates throughout the surrounding enclosed area, if purging is performed indoors.
Use of a mechanically supplied or extracted airflow under mixed mode and forced ventilation conditions allows the purging process to be greatly accelerated. Mixed mode ventilation combines opening of the door with implementing an airflow towards the rear end of the container. Under these conditions, extracting air from the rear end of the container ensures faster purging than supplying air to this zone. Exposure risks when opening the door or when purging in an enclosed area are present under mixed mode ventilation, just as they are under natural ventilation.
Under forced ventilation, the container is closed and is ventilated through orifices drilled through its walls (this study included testing a number of prototype configurations) or through a foam insert between the door leaves. Under these conditions, the purging rate is proportional to the applied ventilation flow and mainly depends on the choice of air inlet position, which is likely to alter the purging time by a factor of up to 2. The most favourable position is above the load level because this allows penetration of the jet emerging from the inlet and generation of high air velocities, ensuring maximum stirring of the volume. Using a foam insert involves exposure risks during its installation or if its airtightness is damaged. This solution also assumes procurement of specific materials and requires additional handling. Use of orifices penetrating the container walls does not suffer these drawbacks, but requires amendments to freight container manufacturing standards to ensure they feature openings that can be easily made airtight and fitted with seals.
The container purging issue is related to the problem of general ventilation-based cleaning of air in a confined space. Resorting to this ventilation method may prove necessary in some circumstances, e.g. in cases of very widespread initial pollution (case of containers) or large size pollutant sources or technical impossibility of capturing emissions at source. Many of the results obtained for containers can be generalized to this type of cleaning situation, for example priority to be given to positioning air inlets or the advantage of generating high air velocities to ensure maximum stirring of the confined space volume.
